dominant fraction of marine primary production, revealed a widespread capability for this process. Autofluorescent (chlorophyll a-containing) picoplankton and some larger phytoplankton from diverse oceanic locations, as well as isolates of the representative cyanobacterial picoplankton Synechococcus spp. (WH7803, WH8101), showed light-stimulated incorporation of amino acids at trace concentrations. Dark-mediated amino acid utilization was dominated by nonfluorescent bacterial populations. Among autofluorescent picoplankton, light-stimulated exceeded dark-mediated amino acid incorporation by 5 to 75%; light-stimulated amino acid incorporation was only partially blocked by the photosystem II inhibitor 3(3,4-dichloro-phenyl)-1,1-dimethylurea (2 x 10-5 M), suggesting a photoheterotrophic incorporation mechanism. Parallel light versus dark incubations with glucose and mannitol indicated a lack of light-stimulated utilization of these nonnitrogenous compounds. Since marine primary production is frequently nitrogen limited, light-mediated auxotrophic utilization of amino acids and possibly other dissolved organic nitrogen (DON) constituents may represent exploitation of the relatively large DON pool in the face of dissolved inorganic nitrogen depletion. This process (i) increases the efficiency of DON retention at the base of oceanic food webs and (ii) may in part be responsible for relatively high rates of picoplankton production under conditions of chronic dissolved inorganic nitrogen limitation. Picoplanktonic recycling of organic matter via this process has important ramifications with respect to trophic transfer via the "microbial loop."
The availability of biologically utilizable nitrogen is a key environmental factor controlling photosynthetic production in diverse open ocean and coastal marine ecosystems (4, 7, 22) . Under chronic nitrogen-limited conditions, relatively small picoplankton (<2 ,um, greatest dimension) frequently dominate the phytoplankton community and constitute the largest fraction of primary production supporting resident planktonic food webs (16, 24, 28, 32) . The reasons for picoplankton dominance under these conditions are still debatable and have been the subjects of recent studies. Picoplanktonic "strategies" aimed at circumventing marine nitrogen limitation include (i) highly efficient inorganic nitrogen regeneration (from organic forms) by closely associated heterotrophic microorganisms, micro-or macrozooplankton (12) , (ii) highly efficient inorganic nitrogen uptake kinetics (29) , (iii) N2-fixing capabilities (20) , (iv) association with nutrient-rich microscale patches and/or layers, particles, or amorphous aggregates (i.e., "marine snow") (11, 19, 25, 30) , and (v) cellular nitrogen storage capabilities (1, 34) combined with all of the above uptake mechanisms.
From physiological and ecological perspectives, each strategy seems logical and potentially applicable under appropriate environmental conditions. It has been difficult, however, to experimentally demonstrate whether any or all of these strategies are of widespread significance in enhancing picoplanktonic growth. Conflicting data exist on the ability of micro-and picoplankton communities to effectively sequester inorganic nitrogen compounds in ultraoligotrophic waters, where concentrations are often near the limit of detection (10, 14) . While the concept of nutrient patchiness has merit and can be demonstrated in diverse planktonic environments (11, 19, 25) , its coupling to a phytoplankton strategy aimed at specifically exploiting nutrient-rich patches remains difficult to prove experimentally. Nitrogen-fixing potential may exist among certain picoplankton (20) , but active N2 fixation is frequently dependent on O2-depleted microzones associated with larger aggregated phytoplankton (e.g., Trichodesmium), detrital aggregates, and symbioses (e.g., between Rhizoselenia and Richelia) (4, 26, 27) . For picoplankton, these N2 fixation requirements are difficult to meet in oligotrophic, particle-devoid waters. Further, an absence of the key structural gene coding for dinitrogenase reductase was demonstrated by using polymerase chain reaction to detect nifH in axenic isolates of the dominant marine picoplankton Synechococcus spp. (WH7803 and WH8101) (17a). Lastly, it is difficult to envision allochthonous nitrogen loading followed by storage as a common strategy, since such loading events are exceedingly rare in pelagic waters free of upwelling and external (i.e., atmospheric and terrestrial) combined nitrogen inputs.
A fundamental question therefore persists: how can relatively high numbers of actively growing picoplankton survive and periodically flourish in dissolved inorganic nitrogen (DIN)-depleted waters? In seeking a plausible explanation for this paradox, I have recently considered the entire pool of dissolved combined nitrogen, including dissolved organic nitrogen (DON). Although some uncertainty exists as to its composition, DON can exceed DIN concentrations by several orders of magnitude (8, 21, 31) . Our knowledge of the biologically utilizable fraction of DON also remains limited.
Dissolved free amino acids (DFAA), small peptides, and urea appear to be the most likely constituents of this fraction (5, 8, 18, 21) . Considering specifically DFAAs, concentrations in oligotrophic and mesotrophic seawater range from <0.01 to >5 ,iM, respectively (8, 21 (3, 6, 9, 15) .
Size fractionation (by filtration) analyses indicate that a large part of DFAA utilization is mediated by microorganisms smaller than 2 ,um, commonly assumed to be bacterial heterotrophs (2, 17) . The <2-,um fraction, however, is known to contain a bulk of the photosynthetic picoplankton, including cyanobacteria (i.e., Synechococcus spp.), small eukaryotic unicells, and microflagellates (16, 24, 28, 34 Both 3H-and 14C-labeled forms of organics were added in order to (i) optimize microautoradiographic resolution (3H-labeled substrates preferred), (ii) minimize photosynthetic isotope recycling, a possible product of respiratory and catabolic breakdown of organics followed by assimilation of evolved CO2 (3H-labeled substrates preferred, thereby avoiding the problem of assimilation of 14Co2 via photosynthesis), and (iii) allow for measurements of percent respiration of organic substrates (14C-labeled substrates preferred) by quantifying 14CO2 evolved during the course of assimilation determinations.
Flasks were incubated in either an outdoor or shipboard circulating seawater bath exposed to natural irradiance and held at sampling temperatures or in an incubator (picoplanktonic isolates) under various layers of neutral density screening to achieve desired PAR levels. Flasks were agitated for (26) . Cleared filters were then prepared for thin-layer grain-density microautoradiography by dipping them in Kodak NTB-2 nuclear track emulsion (diluted 1:1) held at 35°C (26) . After a 3-to 10-day exposure in complete darkness, microautoradiographs were processed (26) 
not shown). (A)
Representative small picoplankter incubated under dark conditions; (B) same cell type incubated under light conditions (heavy silver grain exposure covers the cell); (C) larger picoplankter incubated under dark conditions; (D) same cell type under light conditions. Dark-and light-incubated subsamples, which were obtained from the Caribbean Sea location, were taken from one original sample. Subsamples were treated in identical fashion with respect to incubation temperature (25°C), duration (3 h), isotope addition, autoradiographic preparation, exposure time, and processing. nation allowed for discrimination between pigmented and nonpigmented microorganisms.
RESULTS
A microautoradiographic survey of all locations indicated that picoplankton (0.2 to 2 ,um, diameter) and larger phytoplankton (>2 ,um, diameter) utilized 3H-AAs, -mannitol, and -glucose under illuminated (light) and dark conditions. The relative utilization of these substrates by respective size groups varied substantially. Overall, however, 0.2-to 2-,um cells proved to be the dominant fraction (Table 1) . Incorporation of all substrates also varied within each size group. This proved true for both morphologically similar as well as dissimilar cell types among respective microbial groups. Picoplankton-size cells dominated 3H-AA, -glucose and -mannitol incorporation; occasionally, >2-p.m phytoplankton (especially diatoms) showed active incorporation of these organic substrates, especially during bloom events. Dark-mediated incorporation appeared largely confined to a nonautofluorescent bacterial component of the picoplankton (Fig. 1) . Among certain picoplankton cells, however, 3H-AA incorporation was noticeably higher under illuminated than dark conditions at diverse locations (Table 1 ; Fig. 1 ). Microautoradiographs revealed picoplankton capable of autofluorescence to be particularly active in enhanced lightstimulated 3H-AA incorporation (Fig. 1) . Light-stimulated 3H-AA incorporation was also observed among larger autofluorescent phytoplankton (Fig. 1) , although at far lower frequencies than those found for picoplankton. Among autofluorescent picoplankton, 3H-AA incorporation under illuminated conditions exceeded dark conditions by 5 to 75%. Light-stimulated 3H-AA incorporation could be observed when parallel light and dark incubations were simultaneously exposed and processed for microautoradiography (Fig. 2) . Substantial variability in light-versus dark-mediated 3H-AA incorporation was observed within and among autofluorescent picoplankton size classes at different locations (Table 2 ). Several microautoradiography-based conclusions proved consistent at all times and in all places: (i) light- At both locations, 3H incorporation in illuminated and illuminated-plus-DCMU treatments proved significantly higher (P < 0.02 in each case; determined by the Student t test) than dark treatments. mediated picoplanktonic 3H-AA incorporation was either close to or exceeded dark-mediated incorporation, (ii) no evidence was found for light-inhibited 3H-AA incorporation over the range of illuminations examined, and (iii) lightmediated 3H-AA incorporation was only partially inhibited by preincubation with 2 x 10-5 M DCMU.
In sharp contrast to 3H-AA incorporation, 3H-glucose and -mannitol incorporation, while detected in some autofluorescent and nonfluorescent cells, proved to be similar under dark and illuminated conditions. This was true for both picoplanktonic and larger phytoplankton fractions. No evidence for light-inhibited 3H incorporation was found at any location.
Autoradiographic results were confirmed by LSC of vacuum-filtered samples. The percentages of light-stimulated (over dark) enhancement of 3H-AA incorporation were in general agreement with cell-specific microautoradiographic enumeration techniques ( Fig. 1 to 3 ; Tables 1 and 2 ). The ability of DCMU to only partially inhibit light-stimulated 3H-AA incorporation was also confirmed by LSC (Fig. 3) . No significant differences between light-versus dark-mediated 3H-glucose and -mannitol incorporation were detected by LSC at any locations (Fig. 3) .
Axenic isolates of two strains of the dominant marine picoplanktonic cyanobacteria Synechococcus spp. (WH7803 and WH8101) exhibited light-stimulated 3H-AA incorporation (Fig. 4) , while dark-mediated 3H-AA incorporation was also evident. Again, DCMU was only partially effective in blocking light-stimulated 3H-AA incorporation; generally, only 20 to 30% of light-stimulated 3H-AA incorporation was blocked by DCMU (Fig. 4) . Parallel primary productivity incubations showed DCMU to completely block photosynthetic 14CO2 incorporation at the concentrations used here.
Therefore, partial blockage of light-stimulated 3H-AA incorporation was not due to the ineffective blockage of photosynthetic electron transport by DCMU at the concentration used here. Light-stimulated 3H-AA incorporation appeared fairly independent of illumination intensity in the range from 50 to 400 microeinsteins m 2 s-1. A strong dependency on ambient DIN (NO3-plus NH4') concentration was demonstrated; cultures grown on only 1/3 of the N03-concentrations commonly utilized in F/2 medium (13) While more information is needed concerning the qualitative makeup, biological reactivity, sources, and means of replenishment for the oceanic DON pool, it has been shown here that certain constituents of this pool are utilized by dark-and light-mediated processes among dominant picoplanktonic primary producers. Therefore, in addition to constituting the chief source of fixed carbon in pelagic microbial food webs, picoplankton may also represent a route by which DON released by decomposition, by "sloppy feeding" by herbivorous zooplankton, and by excretion and lysis of phytoplankton is recycled via the microbial loop. As such, light-mediated DON utilization can serve at least three important functions with respect to the oceanic nitrogen economy: (i) it can ameliorate nitrogen limitation in chronically nitrogen limited waters, (ii) it serves to enhance the efficiency of DON retention at the base of oceanic food webs, and (iii) it helps to clarify the paradoxical observation of relatively high rates of picoplankton production in DINdeficient waters.
Lastly, while light-stimulated utilization of AAs is particularly relevant within the context of N-limited marine systems, it has also been documented for freshwater phytoplankton (23 
